Abstract. Endometrial carcinoma (EC) is a common malignancy in females. MicroRNAs (miRs) are a class of non-coding RNA that regulate a wide variety of cellular processes, and are important in the development of multiple types of malignancy. In the present study, cancerous and adjacent non-cancerous normal tissue samples were collected from 24 patients diagnosed with EC. Reverse transcription quantitative polymerase chain reaction was performed on the tissue samples to determine the expression levels of six candidate miRs. These miRs have been previously reported to be differentially expressed in EC; however, the present study observed that only miR-337 was differentially expressed. In addition, the current study identified phosphatase and tensin homolog (PTEN) as a target of miR-337 using computational analysis and a luciferase assay. EC cells transfected with miR-337 mimics and anti-PTEN small interfering RNA demonstrated significantly decreased expression of PTEN, markedly increased proliferation and inhibition of cell apoptosis. The results indicate that miR-337 is oncogenic in EC cells, as it suppresses PTEN expression. This may facilitate the development of miR-based prevention or treatment strategies for EC.
Introduction
Endometrial carcinoma (EC) is a gynecological malignancy that occurs predominantly in Western countries, and is the fourth leading cancer among females worldwide (1, 2) . The carcinogenic effect of uninhibited estrogen stimulation on the endometrium is well understood (3); however, the specific events that mediate estrogen stimulation resulting in tumor development remain to be elucidated. Previous studies have reported that expression of microRNAs (miRs) in the endometrium is affected by ovarian steroids, and by a gradual accumulation of a number of genetic abnormalities, which are hypothesized to be correlated with the carcinogenesis of EC. These abnormalities may activate oncogenes, inactivate tumor suppressor genes and, directly or indirectly, contribute to the pathogenesis or tumorigenesis of EC (4, 5) . Therefore, miRs may be key in the carcinogenesis of EC.
miRs are a family of small non-coding RNAs (length, 19-24 nt) that post-transcriptionally modulate gene expression via perfect or imperfect base-pairing to messenger RNAs (mRNAs) (6) . Hundreds of miRs are observed in a variety of animal genomes and they regulate ≤30% of human genes (7) . Each miR exerts a regulatory effect on ≤200 genes. Although further studies are required to investigate the biological functions of the majority of miRs, numerous miRs have been demonstrated to be involved in various biological processes, including cell proliferation, differentiation, metabolism and apoptosis (8, 9) . The correlation between miRs, cancer progression and metastasis has been a topic of interest (10, 11) . Lee et al (12) collected EC tissue samples and adjacent non-cancerous tissue samples, and performed an miR microarray assay to compare the expression profiles of the cancerous and adjacent non-cancerous tissues. Numerous miRs were identified to be differentially expressed in the cancerous tissue samples, with certain genes being upregulated and other genes being downregulated, when compared with the non-cancerous controls (12) .
In the current study, six candidate miRs were selected: miR-224, miR-29a, miR-455, miR-221, miR-337 and miR-132. Reverse transcription quantitative polymerase chain reaction (RT-qPCR) was performed to compare the expression levels of the candidate miRs in cancerous EC and adjacent non-cancerous tissue samples. It was observed that only miR-337 was significantly upregulated in the cancerous tissue compared with the normal control. Furthermore, the target gene of the differentially expressed miR was identified and validated, and the underlying molecular mechanism of EC cell proliferation was investigated. 
Materials and methods

Patients
RNA isolation and RT-qPCR.
The tissue or transfected cell samples were digested with proteinase K (Sigma-Aldrich, St. Louis, MO, USA), and TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to isolate the total RNA. RT-qPCR was used for analysis of miR and mRNA expression levels. cDNA was reverse transcribed from total RNA using a small RNA-specific, stem-loop RT primer from the TaqMan ® Small RNA assay and reagents from the TaqMan ® MicroRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.), in accordance with the manufacturer's protocol. qPCR was performed using the TaqMan ® Gene Expression assay on an Applied Biosystems ® 7500 Real-Time system (ABI 7500HT instrument; Applied Biosystems; Thermo Fisher Scientific, Inc.), with cycling conditions as follows: A 2-min hold at 50˚C, a 10-sec hold at 95˚C, then 40 cycles of 15 sec at 95˚C and 60 sec at 60˚C. DNase (0.5 µl), primers (10 pmol), Taq polymerase (1 µl), dNTPs (50 pmol) and 10X TaqMan Mastermix buffer solution were all sourced from Sangon Biotech Co., Ltd. (Shanghai, China). The primer sequences were as follows: miR-337 forward, 5'-ACA CTC CAG CTG GGT CAA GAG CAAT-3', and reverse, 5'-CTC AAC TGG TGT CGT GGA-3'; PTEN forward, 5'-CCA GTG GCA CTG TTG TTT CACA-3', and reverse, 5'-CAG GTA ACG GCT GAG GGA GCTC-3'; and U6 forward, 5'-CTC GCT TCG GCA GCACA-3', and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'. Reverse transcriptase-free samples were used to act as negative controls. Samples were subsequently run on agarose gels for verification of product. Relative expression of samples to the reference gene RNU44 was calculated using the ΔΔCq method (13) .
MTT assay. The 2-(4,5-dimethyltriazol-2yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich) colorimetric assay was used to determine cell viability in cells transfected with miR-337 mimics and anti-PTEN siRNA. Following the addition of 5 mg/ml MTT solution to each well, the cells (80% confluence; n=3 wells per experimental group) were incubated for 4 h at 37˚C. MTT crystals were dissolved in dimethyl sulfoxide and the absorbance was determined at a wavelength of 570 nm using a Synergy Neo2 Multi-Mode microplate spectrophotometer (BioTek Instruments, Inc., Winooski, VT, USA).
Dual-luciferase reporter assay. The full length of the 3'-untranslated region (UTR) of PTEN, which contained the putative binding sequences for miR-337, was synthesized and cloned into the firefly luciferase pGL3-control vector (Invitrogen; Thermo Fisher Scientific, Inc.). AN3-CA and HEC-1-A cells (in logarithmic growth phase) at a density of 8,000 cells/well were incubated in 24-well plates. Following transfection with pGL3-PTEN (24 h; 37˚C), co-transfection was conducted with 50 nM negative control or miR-337, and 4 ng pRL-TK vector (Invitrogen; Thermo Fisher Scientific, Inc.) using 4 µl Lipofectamine 2000 and 500 ng of each construct, according to the manufacturer's protocols. The dual-luciferase reporter assay system (Promega Corporation, Madison, WI, USA) was conducted to determine the firefly and Renilla luciferase activities.
Apoptosis assay. The apoptosis analysis was performed using flow cytometry of transfected AN3-CA and HEC-1-A cells. Following transfection (48 h), the cells were harvested and resuspended in phosphate-buffered saline (PBS) and blocked in ethanol at room temperature overnight. EC cells were incubated with 2.5% H 2 O 2 (Sigma-Aldrich) for 2 h at 37˚C prior to analysis. Following three washes with PBS, the cells were resuspended in staining solution containing 1 mg/ml RNase A, 50 mg/ml propidium iodide and 0.1% Triton X-100 in PBS (all obtained from Invitrogen; Thermo Fisher Scientific, Inc.). The apoptosis of stained cells was then analyzed using a FACSCalibur Flow Cytometer (BD Biosciences, San Jose, CA, USA).
Statistical analysis. GraphPad Prism software 5.0 (GraphPad Software, Inc., La Jolla, CA, USA) was used for all statistical analyses. The data was analyzed using Student's t-test or one-way analysis of variance. P<0.05 was considered to indicate a statistically significant difference. All experiments were performed in triplicate.
Results
miR-337 is overexpressed in EC tissues.
To identify the effect of miRs on the development of EC, cancerous and adjacent non-cancerous samples were obtained from 24 patients diagnosed with EC, who received surgical intervention at the First Affiliated Hospital Of Henan University Of Science and Technology. RT-qPCR was performed on the tissue samples to determine the expression of six candidate miRs, which have been reported to be differentially expressed in EC tissue (12) ; the current study observed that of the six miRs only miR-337 was differentially expressed ( Fig. 1; P<0 .01).
PTEN is a target of miR-337. In silico analysis identified the tumor suppressor gene, PTEN as a potential target of miR-337 ( Fig. 2A) . A dual luciferase reporter assay was conducted to investigate whether the 3'-UTR of PTEN mRNA is a direct target of miR-337. The luciferase activity of miR-337-overexpressing EC cells transfected with wild-type PTEN 3'-UTR was reduced by ~50% when compared with cells transfected with the scramble control (P<0.01). The luciferase activity of those cells transfected with mutant PTEN 3'-UTR demonstrated no increase in activity ( Fig. 2B; P<0.01) . The results of a computational analysis (www.mirdb.org/) and luciferase assay indicate that PTEN is a validated target of miR-337 in EC cells, and miR-337 reduces the expression level of PTEN by binding to the 3'-UTR of the gene.
Determination of miR-337 and PTEN expression levels in EC tissue samples.
The expression levels of miR-337 and PTEN were determined in 24 pairs of cancerous EC and adjacent non-cancerous tissue samples, and it was observed that while miR-337 was significantly upregulated in the cancerous tissues (Fig. 3A) , the mRNA (Fig. 3B) and protein (Fig. 4) expression levels of its target, PTEN, were substantially downregulated in the cancerous tissues (P<0.01), suggesting that PTEN is a validated target gene of miR-337 in vivo.
miR-337 regulates PTEN expression. To investigate the possible underlying molecular mechanism of miR-337 in EC, 
Discussion
Research into the underlying molecular mechanisms of EC carcinogenesis is required for the development of effective A B strategies for diagnosis and therapy. Due to improved understanding of EC, research has expanded from tumor suppressor genes and oncogenes to include comprehensive signaling pathways and gene interaction networks (14) . miRs are involved in various cellular signaling pathways, and one miR may exert an effect on numerous genes (14, 15) . This specific characteristic of miRs has resulted in an increase in research in recent years. It is predicted that miRs modulate the expression of 30-60% of human genes (14, 16) . Furthermore, miRs transcriptionally or translationally regulate gene expression by binding to the 3'-UTR of mRNAs (17) and miRs may act as either a tumor promoter or a suppressor, depending on the gene (18) . In the present study, RT-qPCR was conducted on 24 pairs of cancerous and adjacent non-cancerous tissue samples to determine the expression of six candidate miRs, which had been previously reported to be differentially expressed in EC (13); the present study observed that only miR-337 was differentially expressed. It has been reported that miR-337 expression levels correlate with tumor cell proliferation and tumorigenesis (19) . Furthermore, its expression was observed to be associated with the tumor prognosis in certain patients (20) (21) (22) . It has been determined that miR-337 is a key regulator of certain oncogenes, including homeobox C8 gene and transforming growth factor-β receptor type II (23, 24) . Previous studies have demonstrated significantly reduced expression levels of miR-337 in pancreatic ductal adenocarcinoma tissue samples when compared with adjacent nonmalignant tissues (25) .
Reduced production of miR-337 correlates with the lymph node status, although not with age, gender, or tumor position, diameter or differentiation (25, 26) . However, in the present study, the upregulation of miR-337 indicates that it acts as an oncomiR and may exert an effect on a tumor suppressor. In the current study, PTEN was identified as a potential target of miR-337 using in silico analysis, which was further indicated by the results of a dual luciferase reporter assay, demonstrating that the luciferase activity of miR-337-overexpressing EC cells transfected with wild-type PTEN 3'-UTR was reduced by ~50% compared with the cells transfected with the scramble control. The luciferase activity of those cells transfected with mutant PTEN 3'-UTR demonstrated no increase in activity (Fig. 2B) . In addition, although miR-337 was significantly upregulated in the cancerous tissue samples (Fig. 3A) , the mRNA (Fig. 3B) and protein ( Fig. 4A and B) expression levels of its target, PTEN, were markedly downregulated in the cancerous tissue samples. Furthermore, the EC cell lines, AN3-CA and HEC-1-A, were transfected with miR-337 and anti-PTEN siRNAs, and the mRNA and protein expression levels of PTEN were significantly downregulated in the two cell lines, which further indicated a regulatory association between miR-337 and PTEN in EC.
The PTEN gene, at 10q23.3, encodes a dual-specificity phosphatase with lipid and protein phosphatase activities. PTEN dephosphorylates phosphatidylinositol (3,4,5)-trisphosphate, an important activator of Akt (27) , and controls numerous A B C D cellular processes, including survival, cell cycle progression, metabolism and angiogenesis (28) . Suppression of PTEN results in increased levels of activated phosphorylated-Akt (29) . Furthermore, the reduced expression of PTEN in malignancies is associated with improved prognosis (30, 31) . Transfection with PTEN expression vectors facilitates the proliferation of malignant cells in vitro and in vivo (32) . Furthermore, frequent mutation of PTEN or loss of heterozygosity occurs in multiple types of malignancy, but rarely in EC (33) . Previous studies have indicated that certain miRs exert a direct effect on PTEN (27) . miR-21 was one of the earliest miRs in which its inhibition was demonstrated to elevate PTEN levels and reduce tumor cell proliferation, invasion and migration in human hepatocellular cancer (34) . Later studies suggested that PTEN may be a target of miR-22, miR-221/222 and miR-144 in different types of malignancy (35) (36) (37) . In the present study, the binding of miR-337 to 3'-UTR of PTEN mRNA downregulated PTEN mRNA and protein expression levels. In addition, the rates of cell growth in the miR-337-or anti-PTEN siRNA-transfected EC cells were significantly increased compared with the control, and transfection significantly inhibited apoptosis compared with the EC cells transfected with scramble controls.
In conclusion, the current study observed overexpression of miR-337 in EC tissues. As a target of miR-337, PTEN regulates expression at the transcriptional level and the inhibition of PTEN promotes the proliferation of EC cells in vitro. The findings of the present study indicate that miR-337 may be a novel target for development of miR-based prevention or treatment strategies for EC. However, the small clinical sample size was a limitation of the current study, as well as the lack of in vivo experiments investigating the function of miR-337 in EC. To further understand the role of miR-337 in the carcinogenesis of EC, studies conducted with a larger sample size across different pathological grades, and also in animal models, are required to investigate the expression levels of miR-337.
